ABSTRACT 23
Kresoxim-methyl is nowadays widely used to combat a diversity of common diseases affecting 24 high-value crops. In this article, we report the development and characterization of two novel 25 immunoassays for the analysis of this pioneer strobilurin fungicide, and for the first time, a 26 validation study with food samples was performed. A direct and an indirect competitive 27 immunoassay based on a new anti-kresoxim-methyl monoclonal antibody were developed for 28 sensitive and specific chemical analysis. Optimized assays showed limits of detection of 0.1 µg/L. 29
Fruit and vegetable samples were extracted with acetonitrile by the QuEChERS procedure and 30
analyzed by the developed immunoassays after a simple dilution in buffer, affording limits of 31 quantification below US and European maximum residue limits. Immunochemical results of 32 samples from kresoxim-methyl-sprayed strawberry fields demonstrated good statistical 33 agreement with gas chromatography coupled to mass spectrometry as reference technique. 34
INTRODUCTION 36
Kresoxim-methyl was one of the two first strobilurin pesticides to be registered back in 1992 37
(1). This fungicide is particularly active against Ascomycetes, such as Venturia inaequalis, 38
Podosphaera leucotricha, Leveillula taurica, and Botrytis cinerea, which are responsible of a large 39 variety of plant diseases (2). Like other strobilurins, kresoxim-methyl inhibits mitochondrial 40 respiration of fungi, which prevents infection and makes it highly active (3). Although it is 41 considered a low-hazard chemical to mammals (oral LD 50 > 2000 mg/kg in rats) and bees, 42 kresoxim-methyl is very toxic to aquatic organisms including fish (LD 50 = 150 µg/L), plankton, and 43 algae (4-6). Nowadays, kresoxim-methyl is being extensively used worldwide, with total global 44 sales reaching 400 M€ in 2010 (7). Concomitantly, its residues in food have also risen, though to 45 concentrations mainly below the legal maximum residue limits (MRL) -in the European 46 monitoring program for 2006, kresoxim-methyl was encountered only in strawberries, whereas 47
were A max is the absorbance that was reached in the absence of analyte, A min is the background 109 signal, C is the analyte concentration at the inflexion point of the sigmoidal curve, and B is the 110 slope at the inflexion point. Curves were normalized and average values were calculated from 111 independent experiments. 112
The concentration of kresoxim-methyl inducing a 50% inhibition (IC 50 ) of the reaction between 113 antibody and hapten conjugate was taken as the key criteria for assay characterization. The limit 114 of detection (LOD) was calculated as the analyte concentration causing a 10% inhibition (IC 10 ) of 115 the immunochemical reaction. Cross-reactivity (CR) was estimated as a percentage value from the 116 quotient between the IC 50 value for kresoxim-methyl and the IC 50 for the studied compound, both 117 in molar concentration units. clean-up step using PSA was performed. Extracts from kresoxim-methyl-free samples (as judged by 234
As further validation of the developed cELISAs, strawberry samples from crops that we had 242 sprayed with a commercial formulation of kresoxim-methyl were employed as model and relevant 243 commodity in order to evaluate the performance of our novel analytical methods under real-like 244 conditions. Fruits were extracted following a QuEChERS procedure and then analyzed by the 245 optimized immunoassays and by GC-MS ( Table S2) . Trueness of the developed cELISAs was also 246 assessed by statistical method comparison using the Deming regression, which accounts for errors 247 in observations on both methods. Orthogonal regression analysis showed that the results provided 248 by both cELISAs were statistically comparable to those retrieved by the reference method; i.e. the 249 95% confidence intervals for the intercept and for the slope included 0 and 1, respectively (Table  250 3). The corresponding regression lines can be seen in Figure S3 . Moreover, good correlation 251 between the studied immunochemical technique and the reference chromatography approach 252 was evidenced by the Bland-Altman plot (Figure 3) , as the average values of both methods were 253 randomly distributed around the average difference, and they were mostly inside the limits of 254 agreement (average difference ± 1.96s), meaning that only random deviations occurred. 255
In summary, two mAb-based immunoassays to kresoxim-methyl -one indirect and one direct 256 cELISA -have been characterized, optimized, and validated using food samples. These assays 257 
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